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( [1] , and it has been hypothesized that a high metabolic rate requires a relatively small genome size [2] . The postulated explanation lies in the positive correlation between genome size and cell size [3] : because smaller cells have a larger surface-to-volume ratio, their rate of gas exchange per unit volume is higher than for larger cells. The final link in this chain of observations and arguments is the so-called nucleoskeletal theory, which proposes a co-evolutionary link between cell size and genome size, such that more DNA causes nuclei and cells to swell.
The observations that birds and bats have the smallest genomes among vertebrates, and that, among birds, flightless species tend to have the largest genomes, led to the idea that the metabolically intense demands of powered flight introduced a constraint on genome size [4, 5] . According to this view, the evolution of avian flight was accompanied by a reduction in size and streamlining of genomes. While interesting, the hypothesis has remained speculative, because it has not been possible to test if there was a transition from large to small genomes when the early ancestors of modern birds diverged from other dinosaurs (birds, Aves, are now recognised as being nested within theropod dinosaurs, which are bipedal predators). However, Organ et al. [6] have now brought genomics to the extinct world of dinosaurs by capitalising on the correlation between genome size and cell size. They estimated the size of osteocytes (bone cells) in 31 extinct species of dinosaurs by measuring the cavities in fossilized bone in which cells once resided. After having calibrated the relationship between osteocyte size and genome size using data from extant species, dinosaur genome sizes were then extrapolated by a Bayesian comparative method.
The new analyses indicate that small genomes were present already in the first theropods, including Tyrannosaurus rex, that evolved 230 million years ago and also in a single sample of a sauropod (sister group to theropods) that evolved approximately 250 million years ago (Figure 1 ). However, species from the other primary clade of dinosaurs, ornithischians, mainly herbivores, had larger genomes, comparable in size to those of non-avian reptiles such as lizards, geckos and alligators. These variations in genome size most likely reflect differences in the lineage-specific activities of mobile interspersed repeat elements [7] , which have been low in birds [8] and probably also in other theropod dinosaurs [6] . Another recent study shows that the repetitive landscape of non-avian reptiles by and large is similar to that of mammals [9] .
According to these observations, small genomes appeared long before the first birds entered the scene about 150 million years ago. As a consequence, a reduction in genome size does not seem to have been the result of an adaptation to the metabolic costs associated with flight. Yet Organ et al. [6] speculate that there might be an adaptive explanation to genome reduction in the early dinosaurs, because of the physiological demands associated with maintaining a high body temperature.
The approach taken in the study of Organ et al. [6] is novel and the results are convincing and have broad significance. But what about the conjecture that a small genome size in theropod/sauropod dinosaurs evolved in response to the physiological demands associated with endothermy? Is it realistic to think of natural selection being strong enough for organisms to evolve mechanisms that lead to shrinkage of genomes, or at least prevent genomes from further expansion? This is questionable when it comes to size changes introduced by small chromosomal insertions and deletions which often involve only one or a few nucleotides at a time [10] ; it is difficult to imagine a situation in which the fitness of two individuals differs due to an infinitesimal difference in genome size caused by such minute length mutations. Expansion of families of retroelements would have larger effects on genome size, but there is still the question of whether individual fitness would be significantly affected by within-population differences in copy number of interspersed repeats. That the insertion of retroelements in coding sequence, and likely also in non-coding regulatory sequence, can have dramatic effects on fitness is well established; however, this should apply broadly to genomes irrespective of other adaptations.
The determinants of genome size are likely to be several and their relative importance continues to be a hotly debated issue [11] [12] [13] [14] [15] [16] . The selectionist view of evolution of genome size in response to energetic and metabolic adaptation is attractive, but a causal relationship remains to be demonstrated. One alternative scenario that needs to be considered is that the fixation probability of slightly deleterious mutations -in this case represented by retroelement insertions -is not only determined by their selective disadvantage but also by the effective population size; the larger the population the smaller the chance for a mildly deleterious mutation to drift to fixation. It is noted that, on the broad scale from prokaryotes to unicellular eukaryotes to multicellular eukaryotes, a reduction in population size is accompanied by an expansion in genome size [17] . Nonadaptively, and according to the nearly neutral theory of molecular evolution, this can be taken as support for the idea that purifying selection becomes less efficient at removing proliferating repeat elements as populations become smaller. But whether this model is applicable to bird and dinosaur evolution is unclear. It would be interesting to see the results of simulations designed to test the feasibility of the model.
Another issue that calls for attention in the context of adaptive genome size evolution is the relationship between genome organisation and genome size. Avian genomes are not only small, they are also characterised by containing numerous and minute microchromosomes, dot-like chromosomes that are densely packed with genes, have short introns and little repetitive DNA [18] . Microchromosomes are also seen in some but not all non-avian reptiles [19] so it is not a derived character specific to birds. But could it be that selection has favoured the maintenance of this form of genome organisation in the avian lineage as part of possible constraints on genome size? It would be terribly exciting to learn about chromosomal structure in non-avian dinosaurs but the outstanding question at present is: how? The integration of tail-anchored membrane proteins at the endoplasmic reticulum occurs via a specialised ATP-dependent pathway, but the cytosolic factors involved have proven elusive. A novel ATPase that mediates this process has now been identified.
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Tail-anchored proteins are a specialised class of integral membrane proteins that display the bulk of their polypeptide chain to the cytosol and play key roles in numerous cellular processes including vesicular transport, protein translocation and apoptosis. These proteins are characterised by a carboxy-terminal hydrophobic transmembrane domain, the location of which dictates that their membrane integration must occur post-translationally (Figure 1) . Whilst tail-anchored proteins are inserted into several different eukaryotic organelles, many studies have focused on their membrane integration at the endoplasmic reticulum (ER), from where they can also reach locations throughout the secretory pathway [1, 2] . From the outset it was apparent that the targeting and integration of tail-anchored proteins was distinct from the classical co-translational pathway [3] . Hence, early studies showed that the integration of the tail-anchored protein cytochrome b 5 was quite unusual and did not rely on the signal recognition particle (SRP) [4] .
A major development in the field arose from the study of another archetypal tail-anchored protein, synaptobrevin 2, providing definitive proof that the post-translational integration of tail-anchored proteins requires ATP [5] . This study also developed the use of short carboxy-terminal extensions, in this case incorporating a site for N-glycosylation, to provide unambiguous evidence that tail-anchored proteins are correctly integrated into the membrane [5] (Figure 1) . A role for ATP [6] [7] [8] [9] , and in some cases GTP [9, 10] , for the efficient post-translational insertion of several different tail-anchored proteins is now well established (Figure 1) . Furthermore, there is good evidence that the ATP dependency reflects a role for molecular chaperones [7, 9] . Until now, the identity of these putative chaperones has been unclear and attention has focused on likely candidates such as Hsc70 [9] . A recent paper now suggests that a completely new component plays a key role in mediating the ATP-dependent delivery of many tail-anchored proteins to the ER [11] .
Stefanovic and Hegde [11] used the b-subunit of the Sec61 translocon as their model tail-anchored protein and, using both cross-linking and co-immunoprecipitation analyses, identified a strong post-translational interaction with a 40 kDa protein present in the reticulocyte lysate that is typically
